The Life Cycle Analysis (LCA) allows the measure of the environmental impact of a product, process or system throughout its life cycle. In this research, this analysis was used to evaluate the environmental impacts produced by the green synthesis of silver nanoparticles using extracts from leaves of plants as a reducing agent of a metal salt. The process evaluation was carried out using the Simapro software (PRe Sustainability) under the CML model. The potential impact of the inputs and outputs of the life cycle were determinated. The results showed that the greatest contribution for the environmental impact comes from the use of ethanol and silver nitrate. Also, the reduction of abiotic resources increased as green synthesis requieres a greater amount of the precursor agent (AgNO3). However, a decrease in most of the categories evaluated in the comparison of the traditional synthesis were observed.
Introduction
Nowadays, nanoparticles have become more accepted in the scientific community due to their excellent reception in daily consumer products, since they exhibit unique characteristics influenced by their small size and increase in surface area per unit volume [11] . The properties of these nanomaterials vary depending of both their nature and the size. Metal nanoparticles stands out since they have shown potential as biosensors and in the field of medicine and health. Silver nanoparticles are recognized for their antimicrobial properties since they affect the activity of pathogenic microorganisms by acting on their enzymes, proteins, and DNA, inhibiting cell proliferation [14] . Therefore, metal nanoparticles are excellent candidates for their implementation in several fields such as food packaging, which would increase the life time available for the consumption and avoid any type of contamination. Usually, silver nanoparticles are synthesized from silver nitrate and sodium borohydride (NaBH4) as a reducing agent [7, 17] ; however, this methodology has several environmental drawbacks. Also, the incursion of more eco-friendly processes not only have increased their demand but also showed good results using less toxic and more environlentally-friendly reagents [9] . Silver nanoparticles can be obtained using a eco-friendly green synthesis with the implementation of extracts from biomass (usually fruit tree leaves) [2, 15] , which act as a reducing agent of the metallic salt and leveling agent, replacing sodium borohydride which is considered a highly toxic solvent [8] . Many studies have shown the viability of these eco-friendly synthesis [1, 9, 10, 12] ; however, it is necessary to use a methodology that allows the evaluation of the environmental effects of the green synthesis of silver nanoparticles. Therefore, in this research LCA was applied to the synthesis process, which allows the assessment of the potential impacts associated with a product [4] . The analysis results represents an opportunity to evaluate the possible adverse effects on both human health and environment, related to the synthesis methodology proposed in the field of nanotechnology [5] .
Methodology
A LCA was carried out for the synthesis of silver nanoparticles obtained from an eco-friendly procedure using leaf extracts from agricultural plants. This methodology was based on the ISO 14040:2006 standard which defines the four main stages of the LCA: 1. Objective and scope of the study; 2. Inventory analysis; 3. Impact analysis; and 4. Interpretation [13] . Stages of the LCA are not simply sequential, this is an iterative technique that allows increasing the level of detail in successive iterations [16] .
Definition of Objectives and Scope
The main objective of the study was defined as the system comprising the green synthesis of the silver nanoparticles, analyzed since the reception of the biomass until the synthesis of the nanoparticles.
Development of the Life Cycle Inventory (LCI)
The inventory of the silver nanoparticle synthesis was obtained from the quantification of inputs and outputs (mass and energy) of the system under analysis, based on laboratory scale tests based on the methodology reported in the literature [3, 14] . All these quantities were normalized to 1 g of the nanomaterial as a functional unit.
Evaluation of the Impact of the Life Cycle (EILC)
In this phase, the magnitude and contribution of the life cycle impacts studied in each of the analyzed categories were evaluated. The categories of depletion of abiotic resources (AD), global warming (GW100), depletion of the ozone layer (OD), human toxicity (HT), freshwater and aquatic ecotoxicity (FAET), marine aquatic ecotoxicity (MAET), terrestrial ecotoxicity (TET), photochemical oxidation (PO), acidification (AC), and eutrophication (EU) were quantified. The inventory data was assigned to one or more categories according to the type of environmental effect expected and subsequently its value was compared with respect to the reference substance of those categories (characterization). Also, a normalization process was carried out to perform the interpretation of the degree of contribution of each of the categories. All this calculations were made by Simapro software, which is supplied by the Ecoinvent database, using the CML model (Institute of Environmental Sciences) [6] .
Interpretation
An analysis was carried out according to the proposed objective, highlighting the stages where the greatest impact were generated. Additionally, a comparative analysis between the eco-friendly methodology and the traditional synthesis was done.
Results and Discussion

Inventory of Life Cycle
The life cycle inventory of the system was obtained from the laboratory-scale experimentation of the green synthesis of silver nanoparticles. Figure 1 shows a simplified scheme for the studied system. The extract (reducing agent) was prepared by means of infusion method in which 100 g of the dry biomass was added one litter of pre-heated (close to 100°C) distilled water. After 20 minutes, the mixture was filtered and concentrated until it reached a volume of 100 ml [3] . In the preparation of the nanoparticles, 50 ml of a silver nitrate solution at 10 mM was used, which was kept in constant agitation for the subsequent addition (dropwise) of 5 ml of the concentrated extract. After one hour of reaction, the sample was centrifugated to eliminate the supernatant and to recover the nanoparticles contained in the precipitate, which were washed twice with distilled water and once with ethanol to eliminate the organic impurities coming from the extract. In Table 1 , the quantified inputs and outputs of the green synthesis process are shown. 
Evaluation of the environmental impact of the green synthesis process
An analysis was carried out based on 1 g of the nanomaterial. The results shown in Figure 2 reflects that the use of ethanol to eliminate all traces of organic material from the extract in the washing of the synthesized nanoparticles has an important influence on the main categories evaluated (AD, GW100, OD, HT, FAET, MAET, PO, AC, and EU). However, these impacts occurs because it is obtained from the hydration of ethylene and as a petrochemical product in the refining oil industry. Similarly, the use of water in this process shows a considerable impact on the aquatic ecosystems. The use of silver nitrate as raw material generates an environmental impact in depletion of abiotic resources category with a high percentage of contribution (99.98%), in comparison to the other mass inputs of the system. Figure 3 shows the normalized impacts. It can be observed that the greatest contribution comes from the use of silver nitrate (exhaustion of abiotic resources), which is linked to its origin from the mining related to the extraction of silver. 
Figure 2. Characterization of green synthesis of 1 g of Ag nanoparticles
Comparison of the green and traditional synthesis of silver nanoparticles
A comparison between the eco-friendly synthesis, in which an extract of plant leaves is used as a reducing agent for silver nitrate, and the conventional synthesis using sodium borohydride was done (Figure 4) . The results showed that the impact of the categories of the green synthesis is lower compared with the traditional Electricity from hydroelectric power plant, AC, production mix, at power plant, < 1kV RER S method, which is explained by the fact that a non-toxic solvent is used [12, 18] , preventing dangerous substances from coming into contact with the environment affecting the balance of ecosystems. However, in the category of depletion of abiotic resources, the impact of the eco-friendly methodology is higher compared with the traditional method since it requires more quantity of metallic salt to obtain the same amount of silver nanoparticles compared to the traditional method. 
Conclusions
In the present investigation, the LCA allowed the study of the advantages of the implementation of eco-friendly methodologies for the synthesis of metallic nanoparticles. However, it is evident that this process requires an optimization in terms of the washing of the nanoparticles and the efficiency of the reaction in order to obtain a global decrease in the environmental impact generated in terms of emissions and use of resources as raw material. Therefore, these nanoparticles could be much more attractive in their different applications because, in addition to coming from a less polluting process, they are biocompatible and less toxic which makes them excellent candidates to be used as antimicrobial agents in food packaging. 
